The methods used to analyze the discretely spaced ("hook") conveyor are completely different from those used for the randomly spaced ("belt") type. The present model is concerned with the analysis of the recirculating "hook"-type conveyor, in which loads can be visualized as being spaced at integer multiples of the "hook" spacing on a closed-loop conveyor that moves at constant speed. While there is a fair amount of prior research concerned with nonrecirculating conveyor-supplied systems, there appears to be only a meager amount of work concerned with the recirculating system in which the conveyor is a continuous loop moving at constant speed.
Kwo (2), 1958, was the first to conceive the recirculating conveyor in its role as a storage and delivery device as a part of a larger system composed of a loader, the conveyor and the service channels. He develops three intuitive principles governing recirculating conveyor operation, but presents no operating characteristics other than how to calculate limiting values of speed, capacity and uniformity
• of loading.
Pritsker (6) , 1966, using simulation methods, investigates the effect of feedback Crecirculation) for systems experiencing both deterministic and Markovian arrivals, and concludes that distance between channels and feedback delay (distance) do not affect the steadystate operating characteristics of the system.
A careful reading of Pritsker's investigation will reveal, however, that he (i) precludes the formation of an arrival queue at the loading point, (2) permits the possibility for recirc~-fated items and newly arrived items to arrive at the first server at the same virtual instant in real time, and (3) assumes zero time delay for items transiting between channels in search of an open channel, while simultaneously specifying a finite time delay on the return portion of the conveyor. These are the characteristics, not of a constant-speed system, but rather of a looped system, for example, composed of two belt-type conveyors (one, the supply conveyor to the servers, running very fast --perhaps at "infinite" speed to provide the zero time delay between servers --and the other, the return conveyor, running at some slower, finite speed), with both belts being randomly loaded (i.e., with loads randomly spaced). An additional objective, adopted early in the conceptual phase, was to create a utility simulation model of the constant-speed recirculating system --a model that would be highly flexible and capable of application over a wide range of operating conditions without changing the program code. The result is presented herein.
Description of the Physical System
The simulation program presented in this paper models the physical system depicted in Figure 1 . This system consists of a supply point (or "loader"), the recirculating closedloop conveyor, and the m service facilities or channels ("servers").
Functionally, the system shown in Figure 1 can be described as follows. Semi-processed items, presumably from a prior stage in a manufacturing process, arrive at the tail of the loader at random times, according to some interarrival time distribution with a mean rate ~.
If a queue is present in the loader, an arriving item waits; otherwise, it is loaded directly on the first empty position on the passing conveyor.
Queue discipline in the loader is FIFO. Each such on-loaded arriving item, or any recirculated item, is conveyed at constant conveyor speed to the first service channel for additional processing, where the server is polled for availability.
If the first server is idle, or if space in a local storage reserve is available, then the conveyor-supplied item is off-loaded and either enters the server or is added to the local storage of reserved (useables), as the case may be. If the first server or the first storage is full, the conveyor-supplied item remains on the conveyor and, a short time later, depending upon the constant conveyor speed, polls the second server for availability. If the second server is available (idle server or nonfull storage reserve), the item is off-loaded;
otherwise it continues to the third server, and so forth.
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The polling sequence is repeated until one of two events occur: (a) entry is gained at one of the subsequent channels, or (b) entry is not gained at any channel, causing the conveyorsupplied item to recirculate at constant speed on the return portion of the conveyor, finally to reappear again at the first channel where the polling sequence begins again.
With the proper choice of system parameters, in the form of arrivals, services, conveyor speed, and physical dimensions of the'system, the arrivals at the loader constitute a "birth" process and the services in the servicing channels constitute a "death" process, so that the system can be operated at stochastic equilibrium.
The conceptual system shown in Figure 1 is based on the following assumptions:
1. Arrivals into the system (at the tail of the loader queue) are assumed to follow an interarrival time distribution of the investigator's choice (e.g., exponential, deterministic, etc.)
2.
Local storage (reserve) may or may not be specific at any channel --that is, the capacity of each server is restricted to the item receiving service, plus any value of local storage (including zero).
3. All service channels have the same mean service rate.
4. Outputs from the service channels are not returned to the recirculating conveyor.
5. The unloading of an item from the conveyor is determined solely on the basis of a free channel on local storage availability; that is, the unloading decision is made at the discrete point in time when the item reaches a partitular channel (no "look-ahead"). Items poll the servers for availability in sequence in the direction of conveyor movement, and items failing to gain admission at the m th (last) channel are recirculated.
6. The "hooks" on the conveyor are equally space d and the conveyor moves at constant speed.
Since the conveyor is a continuous loop, both service and return portions move at the same speed.
7. The physical dimensions of the system --that is, loader to first channel distance, return conveyor length, and inter-channel
Model Description
Based on the foregoing assumptions and on the functioning of the physical system, a simulation model was encoded in the GFSS/360 simulation language (7).
The flow chart in Figure 2 (1) data input cards (not illustrated), By means of these inputs, the following system parameters are controlled:
1.
2.
Number of service channels (i -10),
Spacing between channels (in "hook" pitches), with finite variance). The offset interval is specified in Field C, which uses the value contained in SAVEX 25 --a value calculated internally in the data initialization sequence, sufficiently great timewise to permit the recirculating conveyor to be "built" before the first item to be processed "appears" at the loader. There is no creation limit (Field D), and each "item" transaction is created with PRIORITY 1 (Field E) and with 2 fullword parameters (Fields F and G).
The key blocks in the "loader" are the ENTER MAIN 1, GATE LS 1, and LEAVE MAIN 1 blocks.
Storage "MAIN" is capacitated by a STORAGE definition card to a value of one. GATE LS 1 prevents the forward movement of an "item" trans- (2) the interfacing of random "item" arrivals with the continuously moving conveyor at the "loader", which realistically models the conditions (a) that an "item" is "loaded" only when an empty conveyor "hook" is available, and Co) that arriving "items" build a first-comefirst-served queue if they arrive momentarily faster than the conveyor can "load" them;
(3) as a consequence of (2) 
Model Output
The output from the simulation occurs via the REPORT editor, and consists of the following:
1. Report of all data inputs. For example, consider the following:
1. Based on an argument that finite delay times in the system give rise to opportunities f o r s y s t e m r e g e n e r a t i o n p o i n t s t o o c c u r (which would n o t be p o s s i b l e i f d e l a y times, were z e r o ) , i t was h y p o t h e s i z e d t h a t s y s t e m p e r f o r m a n c e p a r a m e t e r s i n t h e f i n i t e d e l a y s y s t e m would be d i f f e r e n t from t h o s e g i v e n by e a r l i e r i n v e s t ig a t o r s who assumed zero t i m e d e l a y s i n t h e s y s t e m .
The a u t h o r s ' e a r l i e r r e s e a r c h s u b s t a n t i a t e d t h i s h y p o t h e s i s ( 1 ) . Two system p e r f o r m a n c e p a r a m e t e r s , t h e p r o b a b i l i t y of r e c i r c u l a t i o n , P r ' and t h e r e t u r n conveyor u t i l i z a t i o n , 0 R, were shown t o be f u n c t i o n s n o t o n l y of t h e system l o a d i n g , ~s ' b u t a l s o t h e i n p u t l o a d i n g , ~i ' t h e l a t t e r b e i n g r e l a t e d i n v e r s e l y t o conv e y o r speed (see F i g u r e 3). I f t h e s e p e rformance p a r a m e t e r s were i n d e p e n d e n t of f i n i t e d e l a y t i m e s , t h e n t h e y would be i n v a r i a t e w i t h changes i n conveyor s p e e d ; however, such was n o t t h e c a s e . Both o f t h e s e p e r f o r m a n c e p a ra m e t e r s were shown t o be n o n -s i m p l e f u n c t i o n s o f f i n i t e d e l a y t i m e s i n t h e s y s t e m ( F i g u r e 3 ) .
T h i s c o n f i r m e d t h e h y p o t h e s i s and a l s o t e n d e d t o i n d i c a t e t h a t an a s s u m p t i o n o f z e r o d e l a y t i m e s w i t h i n or between p o i n t s o f t h e s y s t e m i s
n o t a r e a l i s t i c one f o r c o n s t a n t -s p e e d f i n i t ed e l a y r e c i r c u l a t i n g s y s t e m s .
2. A n o t h e r r e s u l t i s t h a t c o n s t a n t -s p e e d A c o n s t r a i n t of a l l such f i n i t e d e l a y r e e i r c u l a t i n g s y s t e m s i s t h a t t h e y be o p e r a t e d so t h a t t h e u t i l i z a t i o n of t h e s e r v i c e c o n v e y o r , ~c ' n e v e r exceeds u n i t y ( s e e a l s o Muth (3) For t h e c a s e i n which conveyor speed becomes " i n f i n i t e l y " l a r g e and t h e number of hooks g r e a t compared t o a p o s s i b l e queue l e n g t h , t h e system i s a n a l o g o u s t o a zero d e l a y s e a r c h c o n d i t i o n , and P r app a r e n t l y c o l l a p s e s i n t o t h e o r e t i c a l v a l u e s f o r P(m), t h e p r o b a b i l i t y o f a l l c h a n n e l s s i m u lt a n e o u s l y b u s y , f o r a t h e o r e t i c a l M/M/m:~ q u e u e i n g s y s t e m . For t h e s i n g l e s e r v e r s y s t e m c a s e when t h e conveyor speed i s slowed so t h a t b l o c k i n g o c c u r s on t h e s e r v i n g conveyor (0" c = 1 . 0 ) , a r r i v a l s a t t h e s e r v i c e c h a n n e l become e x a c t l y d e t e r m i n i s t i c , and Pr a p p a r e n t l y c o l l a p s e s i n t o t h e o r e t i c a l v a l u e s o f P(1) f o r t h e t h e o r e t i c a l D/M/I:O q u e u e i n g s y s t e m . In between t h e s e l i m i t i n g c a s e s t h e p r o b a b i l i t y o f r e c i r c u l a t i o n ( a n a l o g o u s to p r o b a b i l i t y of " o v e r f l o w " f o r a n o n -f e e d b a c k system) t a k e s on i n t e r m e d i a t e v a l u e s i n d i c a t i v e of a complex f u n c t i o n o f t h e f i n i t e d e l a y e x p e r i e n c e d b etween c h a n n e l s , t h e form o f which i s n o t p r e s e n t l y u n d e r s t o o d .
4.
A f i n a l r e s u l t i s t h a t c o n s t a n t -s p e e d r e c i r c u l a t i n g conveyors n o t o n l y can be used as s t o r a g e d e v i c e s , b u t t h a t maximum u t i l i z a t i o n of t h e r e t u r n leg e f f e c t i v e l y o c c u r s i n t h e app r o x i m a t e r a n g e 0 . In t h i s r a n g e , t h e e x p e c t e d The v a l u e of t h i s u t i l i t y program i s demons t r a t e d by t h e f a c t t h a t p r e l i m i n a r y u s a g e has a l r e a d y p r o v i d e d some i n t e r e s t i n g and u n e x p e c t e d
o p e r a t i n g phenomena c o n c e r n i n g d i s c r e t e l y l o a d e d r e c i r c u l a t i n g c o n s t a n t -s p e e d c o n v e y o r s , n o t h e r e t o f o r e o b s e r v e d q u a n t i t a t i v e l y ; n a m e l y , t h e " b l o c k i n g " phenomenon, t h e dependence o f c e r t a i n system p e r f o r m a n c e p a r a m e t e r s on l o a d i n g s and conveyor s p e e d , and t h e a p p a r e n t c o l l a p s e o f t h e p r o b a b i l i t y ( r e l a t i v e f r e q u e n c e y ) o f r e c i r c u -
l a t i o n i n t o t h e o r e t i c a l l y d e t e r m i n e d v a l u e s u n d e r l i m i t i n g c o n d i t i o n s of s y s t e m o p e r a t i o n .
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